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ABSTRACT (100-200 WORDS):
Molecular genetic techniques can be used to provide insights into the evolutionary 
process and the history of relationships among organisms. Research in this field is 
based on the fact that DNA sequences can be used for inferring genetic affinities. The 
present study involves the use of Random Amplified Polymorphic DNA sequences 
(RAPDs) to investigate the associations among 80 selected taxa of pea (Pisum sativum 
L.). Cladistic analyses of the RAPD characters produced a hypothesis (of phylogenetic 
branch sequences) called a cladogram. The findings of this survey suggest that there are 
two main taxa within the genus Pisum, P. fuivum and P. sativum, with most of the 
genetic variation observed restricted to the subspecific level. The hypotheses drawn 
here are not definitive, however. With the large number of taxa selected for this study, 
more RAPD characters are required to establish a credible genealogy and to answer 




Traditionally, classifying organisms involves using a variety of comparisons that 
eventually places them in specific taxa. However, as taxonomic methods and ideologies 
vary, drastically different classifications can be assigned to the same organisms. 
Therefore, systematists may not be certain that an organism belongs to the taxon in 
which it has been placed historically. This is the case concerning several wild and 
cultivated taxa of pea. There is some question among researchers as to whether certain 
species are in fact distinct from others, to what extent they are actually related, and 
whether the genus Pisum is in fact composed of multiple species or simply a single 
taxon.
One method of classification that is used to answer taxonomic questions such as 
these is cladistics. The cladistic approach ignores the overall sim ilarities among 
v , organisms and bases classification solely on evolutionary genetic histories. This
methodology employs the use of phylogenetic trees, or cladograms, that depict (a 
hypothesis of) evolutionary branching sequences for a group of organisms. Cladograms 
are comprised of monophyletic taxa that are constructed solely from shared derived 
characters (or synapomorphies). The vertical locations of the branching points in the 
tree indicate when particular taxa may have diverged from one another, and the 
horizontal positions can show how much the taxa have diverged by, taking into account 
the number of synapomorphies. The characters may be morphological, cytological, 
genetic, developmental, or molecular. With the advent of modern recombinant DNA 
technologies , the molecular approach to taxonomy has become an especially attractive 
option.
Molecular genetic markers have been used in numerous applications, from  
genetic cloning to DNA fingerprinting to breeding programs - and more (Welsh, 1990).
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DNA polymorphisms have proven to be very useful in genetic research, especially when 
they are amplified by primers of arbitrary sequence (Williams, 1990). The molecular 
genetic markers of particular interest in this study are Random Amplified Polymorphic 
DNA (RAPD) sequences. RAPDs are targeted in this phylogenetic survey because they 
are relatively easy to use, require little preliminary work, and are virtually unlim ited 
in number (Polans, 1995). Another important aspect of RAPDs is that they have been 
used successfully in previous evolutionary and taxonomic studies of plants (Demeke, 
1994). Given these positive aspects of RAPDs as genetic markers, and the vast number 
of taxa being compared, RAPD molecular markers seemed highly appropriate tools fo r 
this study.
The primary goal of this project is to examine the relationships among 8 0 
selected wild and cultivated taxa of pea through cladistic analyses using RAPD molecular 
markers.
Materials and Methods:
Plants from the selected taxa that were examined in this survey were obtained 
from a variety of sources. The first 59 of the lines listed in Table 1 were obtained from  
the John Innes Research Center (Norwich, England). Certain P. fulvum  (isolates 
701,702,703,706,707, and 708), P. humile (isolates 711, 712, 713, 714, and 
716), and P. elatius (isolates 721, 722, and 723) taxa were initially obtained from the 
Ben Ze’ev and Zohary (1973) collection. P. sativum line A1078-234 and cvs. 
P1179449 and 82-14n were provided by the N.Y. State Agricultural Experiment Station 
(Geneva, NY). P. sativum cv. Alaska was purchesed from J. Mollema and Sons, Inc. 
(Grand Rapids, Ml). P. sativum cv. Progress #9 was purchased from Ferry-M orse
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(Mountain View, CA). P. sativum ssp. syriacum, as well as P. jomardii, were obtained 
from R. Jorgensen (Carnegie Institute of Washington, Stanford, CA).
The DNA used for templates in this protocol was extracted from the leaves of 
individual plants representing each of the 80 taxa. Amplification reaction mixtures used 
in the polymerase chain reaction (PCR) were prepared and run in 0.5 mL 
microcentrofuge tubes. Each mixture consisted of reaction buffer (50 mM Tris-HCI pH 
9.1, 16 mM ammonium sulfate, 3.5 mM magnesium chloride, and 150 jxg/mL Bovine 
Serum Albumin), dNTPs (50 pL each dATP, dGTP, dTTP, and dCTP), 0.2 pM of a 1 0 - 
base oligonucleotide primer, 1.0 unit of KlenTaql DNA polymerase, and double-distilled 
water to bring the total reaction volume to 25 pL. PCR was performed using Perkin 
Elmer (Cetus) DNA thermal cyclers. One drop of mineral oil was added to each reaction 
tube to prevent evaporation, and another drop was added to each chamber in the thermal 
, , cycler to ensure even heat transfer and maximum contact between the tube and the
chamber. The machines ran 45 cycles per amplification. Each cycle consisted of 1 min 
at 94° C, 1 min at 35° C, and 2 min at 72° C.
The resulting amplified DNA was fractionated electrophoretically in a 1.4% 
agarose gel using a Tris-Borate -EDTA (TBE) buffer system for 1-1.5 hrs. at 100-125 
V. A 1 kb ladder was added to each tier of the gels as a size standard. The resultant bands 
became visible under UV light via ethidium-bromide fluorescence. The gels were 
photographed with a MP-4 Polaroid Land camera and Royal Pan film. The gels were then 
scored for variable bands among all 80 taxa, which were noted as either present (1) or 
absent (0). [Only distinctly variable bands were scored and recorded]. These data was 
tabularized using Microsoft Excel, and cladistic analyses were performed using the 




Cladistic analyses were performed on the 80 selected taxa of pea using the 2 1 
RAPDdata points shown in Table 1. A heuristic search was conducted from which 800 
trees were saved, each having the shortest tree length of 6120. A consensus cladogram 
based on the 50% majority rule criterion is shown in Figure 1. This figure reveals P. 
fulvum isolates 708, JI224, and 707 as a distinct outgroup, with the remaining 77 taxa 
as the ingroup. The remaining P. fulvum isolates (706, JI1003, 701, 703, and 702)  
are found in another monophyletic clade along with several P. humile, P. elatius, and a ll 
P. abyssinicum taxa. P. fulvum 702 is less closely related to the other four P. fulvum  
taxa. P. humile isolates 711, 713, 712, and 714 are also found in the same clade as the 
P. fulvum  isolates. Both Northern isolates of P. humile (JI1794 and 714) are 
^  unresolved, while isolate JI241 is located in a polytomy within the P. sativum clade.
The isolates of P. elatius are spread throughout the cladogram, with isolates 723, JI64, 
and J1261 grouped together, four isolates (JI1096, 722, JI2055, and 721)
unresolved, and the remaining three isolates in the major P. sativum clade. The P. 
abyssinicum species are all grouped together tightly in their own taxon with JI2385 P. 
sp. Yemen, which is most likely also a P. abyssinicum isolate. Most of the P. sativum 
taxa fall into one major monophyletic group. P. sativum ssp. syriacum, P1179449, and 
cv. Alaska were the only exceptions. P. jom ard ii (both isolates), P. tibetanicum (both 
isolates), and P. speciosum are also found in this major taxon.
A second cladogram was generated by analyzing all 40 wild taxa independently of 
the cultivated varieties. A heuristic search was once again performed, saving 800 trees 
(tree length 3750) and using the 50% majority rule criterion to produce a consensus 
cladogram. The resultant cladogram is shown in Figure 2. Once again, P. fulvum isolates
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708, JI224, and 707 form the outgroup. P. fulvum isolates JI1003, 701, and 703 
are, once again, grouped in their own taxon. However, isolates 706 and 702 are in a 
differrent clade entirely. Interestingly, P. fulvum 702 is placed with P. humile isolates 
711 and 714 again. All isolates of P. abyssinicum are found in the same taxon. The rest 
of the cladogram is relatively uninformative because the remaining isolates of P. elatius, 
P. humile, P. sativum, and P. jomardii remain dispersed throughout the ingroup clade.
A third analysis was also performed with 54 (prim arily) cultivated taxa. A 
heuristic search, saving 800 trees, and using the 50% majority rule consensus 
criterion, produced the cladogram shown in Figure 3. P. fulvum 708 is shown here as 
the only taxon in the outgroup. The two P. humile isolates included in this cladogram 
(712 and Northern 716) are widely separated. Overall, this cladogram shows 
numerous sim ilarities with the P. sativum grouping shown in Figure 1. In some 
instances, polytomies have been resolved in this figure and, in others, they have not. 
The two P. jom ard ii isolates are, once again, grouped independently of one another. 
Interestingly, P. speciosum is grouped in a taxon with P. sativum Sudan (JI156) again 
as well. The two isolates of P. tibetanicum are located in one taxon, grouped with P. 
sativum  Turkey (JI1250).
D is c u s s io n :
In this study 80 wild and cultivated varieties selected from the genus Pisum were 
used in cladistic analyses in order to resolve their phylogenetic identities. A total of 
twenty-one RAPD molecular markers were used as character traits to this end (see 
Materials and Methods). The resultant cladograms (Figs. 1-3) show hypotheses of 
phylogenetic genealogy for the selected taxa. Although only a small number of data points 
(21) were used in this survey, some strong inferences about relatedness can be made.
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Figure 1 shows all 80 taxa arranged phylogenetically, while Figs. 2 and 3 are 
trees constructed from subsets of this dadogram (see Results). The figures may reveal 
the taxa divided as two major species, P. fulvum and P. sativum. This observation is 
supported by a number of previous surveys, which suggest that P. fulvum is divergent 
from P. sativum. The division is not supported as strongly in the second figure, but the 
species separation seems apparent. In the first two figures an interesting relationship 
between P. fulvum and P. humile can be seen. In both figures the humile isolates seem to 
be divided, with Southern humile {711-714) assorting with P. fulvum and Northern 
humile (JI1794 and 716) and JI241 showing stronger ties with P. sativum. Figure 3 
hints at this relationship as well, although less convincingly. These and other data 
suggest that perhaps the humile isolates are just varieties of sativum , divided along 
Southern and Northern lines. The two varieties of P. jomardii are consistently placed 
within the sativum taxon, although the isolates are not placed consistently in the same 
group. This suggests that jomardii is a variety of P. sativum as well. A sim ilar result 
characterizes P. tibetanicum and P. speciosum.
There are two other taxa that may or may not be included with sativum. The f i r s t  
of these taxa is P. abyssinicum. Figures 1 and 2 show that of all 80 taxa the five 
abyssinicum varieties (including P. sp. Yemen, which is most likely an abyssinicum 
isolate) group together the most consistently. Interestingly, in both figures, the 
abyssinicum isolates were grouped in the same taxon with P. fulvum 702. However, no 
conclusion can be drawn as to whether abyssinicum is a distinct species or whether i t 
should be included with sativum. The second unresolved group in this survey is P. 
elatius. Although some isolates of elatius group together, they do not do so consistently 
and, as a result, elatius is dispersed throughout both cladograms (Figs. 1 and 2). A more
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exhaustive study must be done in order to draw more distinct conclusions about the 
genealogy of P. abyssinicum and P. elatius.
A comparison of the present study to a previous study using some of the same 
taxa, and based on sixteen morphological and isozyme characters, reveals some 
remarkable similarities (see Fig. 4). In this cladogram, the Southern humile remains 
separate from Northern humile and J1241. Again, the Northern humile appear to be 
closer to sativum. Southern humile does not assort with fulvum in the same manner as 
is seen in Figure 1. It is, however, placed in the same clade with abyssinicum, which is 
similar to the pattern portrayed in Figure 1. The abyssinicum form a group, but, again, 
no conclusion about genealogy can be made. Similarly, P. elatius remains unresolved. P. 
jomardii, tibetanicum, and speciosum are, once more, part of the sativum taxon. One 
major problem with this figure is the placement and grouping of fulvum, but this, along 
with other apparent anomalies, can be attributed to the very small number (16) of 
characters used in the compilation of the phylogenetic tree.
The cladistic analysis of these taxa of pea using RAPDs as molecular markers 
supports the previous hypotheses based on morphological and isozyme characters that 
state that genus Pisum is most likely comprised of just two species, P. fulvum and P. 
sativum. Yet, more work must be done in order to draw even more definitive conclusions 
about pea genealogy. The sheer number of taxa selected for this study require t ime- 
consuming searches; however, many more characters must be used for a more accurate 
survey to be conducted. With a larger number of RAPD markers, more consistent trees 
may be formed, and, perhaps, the questions raised in this study about P. humile, P. 
elatius, and P. abyssinicum can be resolved.
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Table 1. RAPD data for 80 selected taxa of pea
Accession descriptions: RAPD data:
401 401 401 489 530 530 432 432 483 483 483 552 552 552 501 501 506 507 507 507 514
Jl 2 P. abyssinicum 1 0 0 1 0 0 0 1 1 1 1 0 1 0 0 1 0 0 1 0 0
Jl 64 P. elatius 0 0 0 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0
Jl 85 P. sativum Afghanistan 0 1 1 1 1 0 1 0 0 1 1 0 1 1 1 0 1 0 0 1 1
JI105 P. sativum Afghanistan 0 1 0 1 1 0 1 0 0 1 1 0 1 1 1 0 1 0 0 0 1
Jl 130 P. abyssinicum 1 0 0 1 0 0 0 1 1 1 1 0 1 0 0 1 0 0 1 0 0
Ji 156 P. sativum Sudan 0 1 0 1 1 0 1 0 1 1 1 0 1 0 0 0 1 0 0 1 1
Jl 159 P. sativum Ethiopia 1 1 1 1 0 1 0 0 0 1 0 1 1 0 1 1 1 0 0 0 1
Jl 171 P. sativum Ethiopia 0 1 1 1 1 0 0 0 0 1 1 0 0 1 1 1 1 0 0 1 1
Jl 181 P. sativum cv. Keerau Pea 0 1 1 0 1 0 1 0 0 1 1 0 0 1 1 1 1 0 0 1 1
Jl 185 P. sativum cv. Wiraig 0 0 0 1 1 1 1 0 1 1 0 1 1 1 0 0 1 0 0 1 1
Jl 196 P. sativum Georgia 0 1 0 0 0 1 0 0 1 1 1 0 1 1 1 0 1. 0 1 0 1
Jl 198 P. elatius 1 1 0 1 0 0 1 1 0 1 1 0 1 1 1 1 0 0 0 1 1
Jl 207 P. sativum choresmicum 1 1 0 1 0 1 0 0 1 1 0 0 1 1 1 0 1 0 1 0 1
Jl 209 P. sativum arvense 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1
Jl 224 P. fuivum 0 1 ' 0 0 1 0 0 1 1 1 0 0 1 0 1 1 0 0 1 1 1
Jl 225 P. abyssinicum 1 0 0 1 1 0 0 1 1 1 0 0 1 0 1 1 0 0 1 0 0
Jl 228 P. sativum Bolivia 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 0 1 0 0 1 1
Jl 241 P. humile 0 1 0 1 1 0 1 0 0 1 1 0 1 0 1 0 1 0 0 0 1
Jl 245 P. sativum Russia 1 1 0 1 1 0 0 0 1 1 0 0 1 1 1 0 1 0 0 1 1
Jl 250 P. jomardii 1 1 0 1 1 0 1 0 0 1 1 0 1 1 0 1 1 0 0 1 1
Jl 261 P. elatius 0 0 0 1 1 0 0 0 0 1 1 0 1 1 1 0 0 1 0 0 0
Jl 263 P. sativum Balkans 0 1 0 1 0 0 0 0 1 1 0 1 1 1 1 1 1 0 1 1 1
Jl 264 P. sativum Greece 0 1 0 1 0 0 1 0 0 1 1 1 1 1 1 0 1 0 1 0 1
Jl 267 P. sativum Greece 0 1 0 1 0 0 1 0 1 1 0- 0 1 1 1 0 1 0 1 0 1
Jl 276 P. sativum Ethiopia 1 1 0 1 1 0 1 0 0 1 1 0 1 1 1 1 1 0 1 0 1
Jl 281 P. sativum Ethiopia 0 0 0 1 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 1 1
Jl 701 P. sativum Russia 1 1 0 1 0 1 0 0 1 1 0 1 0 1 0 1 1 0 1 0 1
Jl 711 P. sativum cv. Austrian Winter 1 0 0 1 1 0 0 0 0 1 1 0 1 1 1 0 1 0 1 0 1
Jl 787 P. sativum cv. Minerva 1 1 0 1 0 0 1 0 0 1 1 0 1 1 1 0 1 0 1 0 1
Jl 804 P. tibetanicum 0 1 1 1 1 0 1 0 0 1 1 1 0 1 1 1 1 0 1 0 1
Jl 1006 P. fuivum 0 1 0 1 0 0 0 1 1. 0 1 1 0 0 1 0 0 0 0 1 1
Jl 1033 P. sativum India 0 1 1 1 1 0 1 0 0 1 1 0 0 0 1 1 1 0 0 0 1
Jl 1035 P. sativum Turkey 1 1 1 1 0 0 0 1 0 1 1 1 1 0 1 0 1 0 1 0 1
Jl 1057 P. sativum Antioquia I Chilena 1 1 1 1 0 1 0 1 0 1 1 1 1 0 1 0 1 0 0 1 1
Jl 1089 P. sativum ssp. syriacum 0 1 0 1 1 0 0 0 1 1 0 0 1 1 1 0 0 0 0 1 1
Jl 1096 P. elatius 0 1 0 1 0 0 1 0 1 1 1 0 0 1 1 0 0 0 1 0 0
Jl 1097 P. sativum Turkey 0 1 1 1 1 0 1 0 1 1 1 0 1 1 0 0 1 0 1 1 0
Jl 1250 P. sativum Turkey 0 1 1 1 1 0 1 0 0 1 1 1 0 1 1 0 1 0 1 0 1
8
(  (
Jl 1258 P. sativum India 1 1 0 1 0
Jl 1345 P. sativum Mongolia 1 1 0 1 1
Jl 1346 P. sativum Mongolia 0 1 1 1 1
Jl 1372 P. sativum cv. Mummy Pea 1 1 1 1 1
Jl 1398 P. elatius 1 1 1 1 0
Jl 1428 P. tibetanicum 0 1 1 0 1
Jl 1576 P. sativum China 0 1 0 1 1
Jl 1578 P. sativum China 0 1 0 1 1
Jl 1758 P. sativum Nepal 0 1 1 1 1
Jl 1794 P. humile Israel 0 1 0 1 1
Jl 1835 P. sativum Spain 0 1 0 1 0
Jl 1922 P. sativum China 1 1 0 1 0
Jl 2055 P. elatius Italy 0 1 0 1 0
Jl 2116 P. speciosum 0 1 1 1 1
Jl 2124 P. sativum ponderosum 1 1 1 1 1
Jl 2201 P. elatius 0 1 1 1 1
Jl 2202 P. abyssinicum 1 0 0 1 1
Jl 2265 P. sativum cv. Primitive Albanian 0 1 0 1 1
Jl 2385 P. sp. Yemen 1 0 0 1 1
Jl 2367 P. sativum Ethiopia 1 1 0 1 0
Jl 2438 P. sativum cv. Partridge 0 1 0 1 0
P. fulvum 701 0 1 0 0 1
P. fulvum 7 0 2 1 0 0 1 1
P. fulvum 7 0 3 0 1 0 1 1
P. fulvum 7 0 6 0 1 0 1 1
P. fulvum 7 0 7 0 1 0 0 1
P. fulvum 7 0 8 0 1 0 0 1
P. humile 711 o' 1 0 1 0
P. humile 7 1 2 0 1 0 1 0
P. humile 7 1 3 1 1 0 1 0
P. humile 7 1 4 0 0 0 1 0
P. humile 7 1 6 0 1 0 1 0
P. elatius 721 0 1 0 1 0
P. elatius 7 2 2 0 1 0 1 0
P. elatius 7 2 3 0 1 0 1 1
P. sativum PI 179449 0 1 1 0 0
P. sativum A 10 7 8 -2 3 4 1 1 0 1 1
P. sativum cv. Alaska 1 1 0 1 0
P. sativum cv. Progress#9 1 1 0 1 0
P. sativum 8 2 -1 4n 0 1 0 1 0
P. jomardii 1 1 0 1 1
P. sativum ssp. syriacum 0 0 1 1 0
0 1 0 0 1 1 0 1
1 1 0 1 1 1 1 1
0 1 0 0 1 1 0 0
0 0 0 0 1 1 0 1
0 0 0 0 1 . 1 0 1
0 1 0 0 1 1 0 0
0 1 0 0 1 1 0 0
0 1 0 0 1 1 0 1
0 1 0 0 1 1 0 1
0 1 0 0 1 1 0 0
0 1 0 0 1 1 0 1
0 1 0 1 1 1 0 1
0 0 0 0 1 0 0 0
0 1 0 1 1 1 0 1
0 0 0 0 1 0 1 1
0 1 1 0 1 0 1 0
0 1 0 1 1 1 0 0
0 1 0 0 1 0 1 1
0 0 0 1 1 1 0 0
1 0 0 0 1 0 0 0
1 1 0 0 1 1 0 1
0 1 1 1 0 0 0 1
0 1 1 0 1 0 0 1
0 1 1 1 0 0 0 1
0 0 1 1 1 0 0 0
0 1 1 1 1 0 0 1
0 0 1 1 1 0 0 1
0 0 1 1 0 0 0 0
0 0 1 0 •1 0 0 0
1 0 1 0 1 0 0 1
0 0 1 1 1 0 0 0
0 1 0 0 1 0 0 0
0 1 0 1 1 0 1 0
0 1 0 0 1 1 1 0
0 0 0 0 1 0 0 0
0 1 0 0 1 0 0 0
1 1 0 1 1 0 1 0
1 0 0 1 1 0 0 1
1 1 0 0 1 0 0 1
0 1 1 0 1 0 1 1
0 1 0 0 1 0 0 1
0 1 1 1 1 0 0 0
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0 0 1 1 1 0 1
1 0 1 0 1 0 1
1 1 1 0 1 0 1
1 0 1 0  ? 1 1
1 0 1 0 1 1 1
1 0 1 0 1 0 1
1 0 1 0 0 0 1
1 0 1 0 1 1 1
0 1 1 0 0 1 1
1 0 0 0 1 0 1
1 0 1 0 1 0 1
1 0 1 0 0 1 1
1 0 0 0 1 1 1
0 0 1 0 0 0 1
1 1 1 0 1 0 1
0 0 1 1 1 1 1
0 1 0 0 0 0 0
1 0 i 0 1 0 1
1 1 0 0 0 0 0
1 0 1 0 1 0 1
1 1 1 0 0 1 1
1 0 0 1 0 1 1
1 1 0 1 1 0 0
1 0 1 1 0 1 1
1 0 0 1 0 0 0
1 1 1 0 1 0 1
1 0 0 0 1 0 1
1 0 0 1 1 0 1
1 0 0 0 1 0 0
0 0 0 1 1 0 0
1 0 0 1 0 1 0
1 0 0 1 0 1 1
1 0 1 0 0 1 1
1 0 0 0 1 1 0
0 0 1 1 1 0 1
1 0 1 0 0 0 1
0 1 1 0 1 1 1
1 0 1 0 0 1 1
0 0 0 0 0 0 1
1 0 1 0 0 0 1
0 1 1 0 1 0 1



























































64 P. elatius 
261 P. elatius 
humile 713 
fulvum 702
225 P. abyssinicum 
2 P. abyssinicum 
130 P. abyssinicum 
2202 P. abyssinicum
2385 P. sp. Yemen 
sativum ssp. syriacum
1096 P. elatius 
1794 P. humile Israel 
elatius 722




sativum cv. Alaska 
245 P. sativum Russia 
1089 P. sativum ssp. syriacu 
281 P. sativum Bhiopia 
185 P. sativum cv. Wiraig 
2265 P. sativum cv. Primitiv 
701 P. sativum Russia 
sativum A1078-234
263 P. sativum Balkans 
267 P. sativum Greece 
196 P. sativum Georgia
207 P. sativum choresmicum 
2387 P. sativum Ethiopia 
sativum cv. Progress#9 
sativum 82-14n 
228 P. sativum Bolivia 
159 P. sativum Ethiopia 
1035 P. sativum Turkey 
1057 P. sativum Antioquia I 
787 P. sativum cv. Minerva 
1258 P. sativum India
264 P. sativum Greece 
1835 P. sativum Spain 
250 P. jomardii
276 P. sativum Bhiopia
1345 P. sativum Mongolia 
jomardii
2438 P. sativum cv. Partridg
198 P. elatius
1922 P. sativum China
711 P. sativum cv. Austrian
209 P. sativum aivense
2124 P. sativum ponderosum
1372 P. sativum cv. Mummy Pe
1398 P. elatius
105 P. sativum Afghanistan
241 P. humile
1578 P. sativum China
85 P. sativum Afghanistan
1097 P. sativum Turkey 
1758 P. sativum Nepal 
156 P. sativum Sudan 
2116 P. speciosum 
1576 P. sativum China 
1428 P. tibetanicum 
1250 P. sativum Turkey 
2201 P. elatius
804 P. tibetanicum
1346 P. sativum Mongolia 
1033 P. sativum India 
171 P. sativum Ethiopia
Jl 181 P. sativum cv. Keerau Pe
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Jl 224 P. fulvum 
P.fulvum707
Jl 1089 P. sativum ssp. syriacu
P. sativum cv. Alaska






P. sativum ssp. syriacum
Jl 241 P. humile
P. sativum 82-14n
P. sativum cv. Progress#9
Jl 1398 P. elatius




Jl 2055 P. elatius Italy 
P. humile 712 
P. humile 711 
P. fulvum 706 
P. humile 714 
P. humile 713 
P. elatius 723 
Jl 209 P. sativum arvense 
Jl 2201 P. elatius 
Jl 1096 P. elatius 
Jl 1794 P. humile Israel 
P. elatius 722 
Jl 64 P. elatius 
Jl 261 P. elatius 
Jl 2202 P. abyssinicum 
12385 P. sp. Yemen 
Jl 2 P. abyssinicum 
Jl 130 P. abyssinicum 
Jl 225 P. abyssinicum 
P. fulvum 702
11
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P. fulvum 708 
P. humile 712 
Jl 196 P. sativum Georgia 
Jl 207 P. sativum choresmicum 
Jl 2387 P. sativum Ethiopia 
Jl 701 P. sativum Russia 
P. sativum A1078-234 
Jl 263 P. sativum Balkans 
Jl 281 P. sativum Ethiopia 
Jl 185 P. sativum cv. Wiraig 
Jl 2265 P. sativum cv. Primitiv 
Jl 245 P. sativum Russia 
Jl 1089 P. sativum ssp. syriacu 
P. sativum cv. Alaska 
Jl 228 P. sativum Bolivia 
Jl 159 P. sativum Ethiopia 
Jl 1035 P. sativum Turkey 
Jl 1057 P. sativum Antioquia I 
Jl 267 P. sativum Greece 
P. sativum 82-14n 
P. humile 716 
P. sativum P1179449 
P. sativum ssp. syriacum 
Jl 264 P. sativum Greece 
Jl 1835 P. sativum Spain 
Jl 787 P. sativum cv. Minerva 
Jl 1258 P. sativum India 
P. sativum cv. Progress#9 
P. jomardii
Jl 1345 P. sativum Mongolia 
Jl 276 P. sativum Ethiopia 
Jl 209 P. sativum arvense 
J12124 P. sativum ponderosum 
Jl 711 P. sativum cv. Austrian 
12385 P. sp. Yemen 
Jl 105 P. sativum Afghanistan 
Jl 1576 P. sativum China 
Jl 1578 P. sativum China 
Jl 1922 P. sativum China 
Jl 2438 P. sativum cv. Partridg 
Jl 85 P. sativum Afghanistan 
Jl 1372 P. sativum cv. Mummy Pe 
Jl 1097 P. sativum Turkey 
Jl 156 P. sativum Sudan 
Jl 2116 P. speciosum 
Jl 250 P. jomardii 
Jl 1758 P. sativum Nepal 
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Figure 4. Cladogram of ail selected taxa using 16 morphological 
isozyme characters
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